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Implications of the temperature dependence of Nd:YAG spectroscopic     
values for low-temperature laser operation at 946nm. 
S.J.Yoon, J.I.Mackenzie 
Despite many papers in the literature on the spectroscopic properties of Nd-doped yttrium aluminium 
garnet (YAG), there does not appear to be a comprehensive study of the key absorption lines, nor emission 
lines that terminate in the ground state, i.e. around 900nm. We present our measurements of the key 
spectroscopic properties over the temperature range of 77K to 300K for Nd
3+ ions doped in (YAG).  
The effective absorption cross section was determined for both 
4I9/2 -> 
4F3/2 and 
4F5/2 transition bands, 
employing bright LED sources and an optical spectrum analyser, excellent agreement is obtained with 
standard approaches reported in the literature. For the emission cross section measurements, we used a 
non-collinear pump (795nm Lumics LU0793T040 100 micron fibre) configuration, and a pumping irradiance 
of <1.5 kWcm
-2 (weak compared to a pump saturation irradiance of ~70kWcm
-2), to minimise amplified 
spontaneous emission compromising the measured fluorescence spectrum. The entire fluorescence 
spectrum from 850nm – 1450 nm was measured. One note of particular interest for the dominant emission 
wavelengths around 1064nm and 1061nm (
4F3/2  
4I11/2) was the switch in their relative strength below 170K. 
Primarily driven by the Boltzmann occupation factor of the upper level, in addition to the fact that the 
1064nm line is comprised of two transitions R2Y3 and R1Y2, which overlap at 300K but are well 
separated at lower temperatures, whereas the 1061nm transition is derived from emission between the 
R1Y1 Stark levels.  
From room to liquid nitrogen temperature (LNT), the peak absorption cross section around 808nm increased 
by almost 3 times (7pm
2  18pm
2), in conjunction the bandwidth of this absorption line reduced by the 
same factor, i.e. 0.3nm FWHM @ 77K. As previously noted by Kaminskii [1] the peak of the absorption line 
was blue shifted by 0.25nm with respect to 300K.  
The fluorescence and lifetime for the 938nm and 946nm lines, originating from R1 and R2 Stark levels of the 
4F3/2 manifold and terminating in the Z5 Stark level of the ground manifold 
4I9/2, were measured and the 
effective emission cross section determined by the Fuchtbauer-Ladenburg (F-L) method. The effective 
emission cross section for 946nm (R2  Z5) increased from 3.9pm
2 to 8.4pm
2 over the 300K to 77K range, a 
significant increase in the potential gain at this wavelength. Moreover due to the relatively large ground 
state splitting, the thermal population of the Z5 (852cm
-1) Stark level of 0.7% at room temperature, reduces 
by several orders of magnitude at LNT, thus eliminating reabsorption loss for this transition. The 1061 nm 
emission cross section increased by 3.5 times (21pm
2  78pm
2) over the temperature range investigated, 
which may be a potential limitation in terms of parasitic amplified spontaneous emission or laser action, 
with respect to the weaker 9xx nm transitions. 
Capitalising on the lower the threshold and higher gains available we built a cryogenically cooled 946nm 
laser with better than 60% slope efficiency and 50% optical to optical efficiency with respect to the 808nm 
absorbed pump. There is tremendous scope for power scaling this laser transition via cryogenic cooling with 
additional benefits to be gained by significantly improved thermo-optical properties of the YAG host. 
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